Background. Operating room time is a limited, expensive commodity in acute hospitals. Strategies aimed at reduction of non-operative time improve operating room throughput and capacity. We conducted a prospective study to evaluate and augment operating room throughput and capacity using context-specific work practice changes.
Introduction
Optimizing operating room (OR) use is a key tenet of good management in acute hospitals. Operating room time has an estimated hourly cost of €560 during a normal working day at our institution. In the acute hospital setting, OR time is a limited commodity on which variable demands are placed in an unpredictable fashion. Strategies which optimize the proportion of OR time used for surgery, have been shown to improve OR efficiency and throughput [1] [2] [3] [4] . Effective use of OR resources enables timely patient care and maximizes efficiency during the perioperative period.
Patient care in the OR can occur sequentially (one patient's OR journey is completed before another begins) or in parallel (multiple tasks can be performed for more than one patient within the OR environs simultaneously). Patients are routinely processed sequentially at our institution. Using sequential processing in a single OR environment (one room for anaesthesia induction, surgery and anaesthesia emergence), theatre turnover time must be decreased by 50% of the total surgical time to permit one additional case to be undertaken per standard working day [1] . Parallel DOI: http://dx.doi.org/10.21454/rjaic.7518. 241.wal processing involves the use of physical space and additional staff outside the OR to induce anaesthesia (general and/or regional anaesthesia), allowing two patients to be managed simultaneously by the same anaesthesiology team. Parallel processing decreases OR non-operative time and facilitates additional cases during the normal working day [2] .
Deliberate system design of both the OR physical environment and of OR work practices to incorporate parallel processing can contribute to improved efficiency and throughput [3] . The use of regional anaesthesia in a system utilising parallel processing procedures has been shown to further improve efficiency and OR throughput [5] . Ultimately, modifications to work practice may decrease non-operative time, the proportion of time during which the OR is used for patient care other than surgery, thereby increasing OR capacity.
We conducted a prospective 'before and after' study to evaluate measures of operating room throughput. The objective of this prospective study was to increase the operating room throughput by one additional surgical case per standard working day (defined as 9 hours) by introducing specific work practice changes, and thereby decreasing non-operative time.
Methods
The Cork Teaching Hospitals Research Ethics Committee and the Executive Management Board of Cork University Hospital granted approval for this study. The project received financial support from the Health Services National Partnership Forum (www.hsnpf.ie) and from BBraun Medical (Ireland) Limited. The study was conducted in partnership with the Department of Economics (Division of Healthcare Economics) at University College Cork, Ireland.
The primary outcome measure for this study was non-operative time. Non-operative time is defined as the time that the operating room is used for purposes other than surgery [6] . It is the interval from the time of completion of surgery and dressings in "Patient X", to the time surgery commences in "Patient X+1". This interval comprises anaesthesia emergence and transfer of Patient X to the recovery room, OR clean-up, next case set-up, and induction of anaesthesia in "Patient X+1". It was postulated that a decrease in non-operative time would increase utilization of the OR for surgery, thus resulting in an increase of daily surgical activity by one case per day.
Setting
The study was conducted in a dedicated soft-tissue trauma surgical unit at a busy 800 bed tertiary referral university teaching hospital. Both adults and children are treated in this unit. The OR serves patients who have suffered soft-tissue injury such as extremity lacerations with tendon and nerve injury, burns, traumatic skin loss and decubitous ulcers. The Division of Plastic Surgery at Cork University Hospital provides surgical services for these patients. Patients with facial injuries such as zygoma and mandibular fractures are also treated in this OR with combined plastic surgery/ maxillofacial surgery input.
The soft-tissue surgical unit is remote from the main block of operating theatres. The unit comprises a reception area, changing areas, staff rest room, administrative office, OR, recovery room (accommodating one patient at a time), minor procedure room, and storage rooms (Figure 1 ). The OR operates from 8 am to 5 pm Monday to Friday.
Baseline Phase
The objective of this phase of the study was to collect quantitative and qualitative time data pertaining to the patient journey through the operating theatre complex. Having secured ethical and institutional approval, a baseline study phase began. During this eight-week phase, no modifications were made to patient care or patient processing through the OR. By convention, patients underwent sequential processing in the OR. Data relating to time intervals in the patient journey through the operating theatre complex were collected by a nominated anaesthesia resident. The times measured were those defined by the 'Association of Anaesthesia Clinical Directors' Procedural Times Glossary' [6] (Table 1) . Delays in patient management were recorded. The duration and cause of each delay were noted. The data obtained formed the basis for the creation of a context-specific OR management plan.
Interdisciplinary Group
A consultation group was assembled comprising Surgeons, Anaesthesiologists, OR Nurses, OR Porters (Orderlies), Divisional Business Managers, Hospital Nurse Managers and Clerical Officers. The objective of this interdisciplinary group was to facilitate the implementation of OR work practice changes for the study phase of the study. Before, during and after the baseline phase the interdisciplinary group working under the guidance and ethos of the Health Services National Partnership Forum devised an OR management plan. The objective of the plan was to facilitate one additional case per day. Increased capacity was to be achieved by decreasing non-operative time thereby, increasing the proportion of the working day in which the OR was available for surgery. This required a transition from sequential patient processing to parallel patient processing and the use of regional anaesthesia when feasible. The plan included specific elements incorporating work practice modification, the temporary deployment of additional staff numbers, and modification of work-related staff behaviours ( Table 2 ). The interdisciplinary group discussed the implications of the introduction of significant work practice changes, barriers were identified and an implementation strategy agreed. A transition period of five days was allowed between baseline and implementation phases to facilitate familiarization of staff with the bundle of work practice changes. Due to a national embargo on additional staff recruitment by the Health Services Executive (HSE), it was not possible to recruit additional nursing staff for the study period. 
Study Phase
Following implementation of the OR management plan, an eight-week study phase began. Data were again collected relating to time intervals in the patient journey through the operating theatre complex by a nominated anaesthesia resident. The extent to which the OR management plan was implemented was overseen by members of the interdisciplinary group.
Evaluation of Delays
Factors, which were deemed to obstruct the running of the OR from 08:00 to 17:00, were recorded on the data-recording sheet (Table 1) . Delays were quantified as to the amount of operating time lost. The performance of a minor case under local anaesthetic in the main operating theatre (given the presence of a minor procedures area - Figure 1) was considered a delay. . These two periods consisted of 71 standard working days (35 days baseline phase; 36 day study phase). Nine days were lost to data collection for logistical reasons (4 baseline phase; 5 study phase). Four datasheets were filled incompletely during the study phase and not suitable for entry in subsequent analysis. Data relating to 58 working days (31 days baseline phase; 27 day study phase) representing 251 patient journeys through the OR were collected. Baseline patient demographics, including anaesthesia modality and type of surgery are shown in Table 3 .
Data Analysis
The primary outcome measure was non-operative time. Non-operative time did not differ between baseline and study phases The quantity and duration of recorded daily delays were similar in both phases. One hundred and thirty seven delays were recorded during the study period (69 in the baseline phase; 68 in the study phase) Combining data from both phases of the study, delays accounted for 124.8 (72.2) minutes of theatre time lost. One hundred and four delays of greater than 30 minutes duration were recorded during the sixteen-week study period ( Table 4 ). The use of the OR for minor procedures not requiring the presence of an anaesthesiologist, and factors relating to nursing staff numbers engaged in perioperative patient care, were listed most frequently as causes of delays. Thirty three delays of less than 30 minutes were recorded over the study period.
As the study failed to show any difference in primary or secondary outcome measures, a cost minimization analysis was not performed.
Discussion
Despite satisfactory implementation of a management plan aimed at increasing OR throughput, nonoperative time was not decreased, operating room capacity was not increased and the resultant goal of one additional case per day was not achieved. Nonoperative time for both phases of the study exceeded 50 minutes. This can be interpreted as 50 minutes of surgical inactivity in the OR between cases. Nonoperative time consists of phase 1 recovery and transfer of patient X from the OR to the recovery room, cleaning the OR, set-up of instruments for the next case, and providing anaesthesia for patient X+1. Interestingly, the average duration of individual surgeries was 51 minutes in both groups (Table 3) . Combining long non-operative times and measured avoidable delays, it is unsurprising that, on average, only 40% of the working day of this OR is spent performing surgery. Therefore, 60% of OR time is spent on tasks essential to patient care other than surgery. Non-operative time may be significantly reduced by providing anaesthesia for patient X+1 outside of the OR [7] .
Parallel processing was not possible during the study period. Parallel processing requires increased staffing levels and a specific clinical area appropriate for the provision of anaesthesia outside the operating room. The physical space for parallel processing existed and was appropriately equipped prior to this study. The presence of attending anaesthesiologists increased from baseline to study phases from 50-100% of the working week. This increase in the number of anaesthesiologists alone, did not impact positively on service provision. The safe implementation of parallel processing requires additional staff to support the anaesthesiologist in providing care for two patients simultaneously.
Avoidable delays to the operating list were common during this study. One hundred and thirty seven avoidable delays were recorded during the 58-day study period. On average two hours of operating room time were lost per day due to avoidable delays. The impact of this phenomenon is case cancellations. On average four cases were cancelled per day over the combined baseline and study phases. These patients required accommodation within the inpatient hospital system while awaiting surgery, thereby incurring significant cost and occupying scarce inpatient bed space. Many of these cancelled cases are accommodated during out-of-hours operating lists at the weekends at considerable extra cost to the institution. Elimination of avoidable delays by identification and remedy of causes through deliberate system design and interdisciplinary cooperation, may allow improved OR efficiency and a reduction in case cancellations [8] .
The proportion of patients undergoing regional anaesthesia alone for upper limb surgery increased during the study phase from 15.9% to 44.0%. Only 10% were parallel processed as per protocol. There was no appreciable impact on non-operative time. Despite this, the use of regional anaesthesia for extremity surgery, combined with a protocolized recovery room process facilitated a decrease in the duration of recovery room stay and recovery room utilisation. The potential to shorten duration of recovery room stay and bypass the phase 2 recovery by using regional anaesthesia has been previously reported worldwide along with other benefits [9] [10] [11] . Our own group demonstrated in a separate study that all upper limb trauma patients undergoing surgery under brachial plexus block alone bypassed the recovery room [12] . This has the potential to allow redeployment of nursing within the OR as part of an integrated OR management plan. Unfortunately the full advantages of parallel processing, regional anaesthesia and recovery room bypass were not realized during the study phase. It is nonetheless encouraging that limited introduction of the planned study interventions had a positive impact on reducing the mean duration of recovery room stay.
Our overall results are in stark contrast with those of a surgeon-led model to improve operating theatre change-over time and overall efficiency. The impact of a single surgeon team-based work practice model translated into 58% reduction in median change-over time and no cancellations due to lack of time in the intervention group compared with 37 cancellations in the control group [13] .
Our study has a number of important weaknesses. Data were lost during both the baseline and study phases. Although this represented a small quantity of data, it is unknown whether the study outcome may have been altered by the inclusion of lost data. During the study phase planned changes in work practice, such as parallel processing, were not frequently achieved. It is therefore possibly not surprising that there was no difference in primary outcome measures between baseline and study phases. Finally, we were unable to perform a meaningful economic analysis of the study as there were no differences in primary or secondary outcomes. Doubling the hours provided by an attending anaesthesiologist added significant costs without achieving desired targets.
In conclusion, additional attending anaesthesiologist hours combined with work practice changes did not impact on non-operative time. Improvements were seen in secondary outcome measures such as the duration of recovery room stay and the ability to bypass the recovery room. To achieve improvement in the primary outcome measure additional nursing/physician support staff is required. The study identified important variables that contribute to avoidable delays, and points the way for future research into realizing improved efficiency measures in a stand-alone OR providing soft-tissue trauma surgery.
